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SUMMARY
This report presents the results of aerodynamic heating investigations
conducted on 0.006 scale models of three Rockwell International SSV orbiter
configurations in the NASA/LRC - Mach 8 Variable Density Tunnel. During a
previous test in this fLCility (19 March - 28 Meech 1973), various Rockwell
International SSV orbiter configurations were tested. It was established
that lower surface modifications to one of these configurations (Model
SS-H-00326-4) would alleviate premature transition. Data acquired in the
vicinity of these modifications were invalid since the patching epoxy used
was different from the cast model material. Therefore, the master pattern
of this configuration was reworked to incorporate the modifications and
three identical models were cast. One of these (SS-H- 003268-5) was striped
with a reference grid system and the remaining two used as test models
(SS-•H-003268-6 and -7). 'These three models, a new casting of model SS-H-00326 -42
and a model of an earlier Phase D configuration (NR 110 D) comprised the
five models utilized for these investigations.
Re-entry data were acquired on these models at angles of attack from 30
to 40 degrees for nominal Reynolds numbers per foot of 1.0, 3.0, 6.0 and 8.0
million utilizing the phase change paint technique. A total of 17 orbiter
heating runs and 3 orbiter oil flow runs were completed from 8 May through
to May 1973 on a 40 hour week basis.
Cognizant personnel included:
H. Gorowitz, Thermodynamics (Rockwell International), (213)922-1567
R. White, Model Design (GAC), (516)575-7044
M. Quan, Test Engineering (Rockwell International), (213)922-2695
A. D'Errico. Test Engineering (GAC), (516)575-7044
0
4
DESCRIPTION OF MODEL
[r
Five models were fabricated for this test. The first (SS-H=00326-4)
was a previously test-^d model of the Rockwell International 2A Lightweight
Configuration double delta wing orbiter as described on drawings VL 70-000089B,
VL 70-000092A and VL 70-000093 with modifications as shown in Figures 1, 2
and 3. The next three models were identical castings of a modification
made to the pattern from which model SS-H-00326-4 was made. The modification
included filling the lower surface void at the wing/cuff intersection and
increasing the left hand planform radius between the wing/cuff leading edges
to be symmetrical with the right side. (See photo 5). One of these models
(SS-H-00326B-5) was striped with white paint as shown in Figure 4, and used
as a reference grid model. The other two were used for testing and designated
SS-H-00326B-6 and -7.
The four above mentioned 
.00593 scale models were cast around 3/4
inch steel stings coated with R.T.V. using material 'V', a proprietary
Orummaa Aerospace Corporation epoxy. It should be noted that the patterns
from which these models were cast were designed and fabricated to 0.006
scale. Due to the shrinkage of the model material during casting, the models
were measured to actually be 0.00593 scale•
in order to insure sufficient data acquisition time, the upper surface of
1	 each wing was slabbed using two contzol sections. At B.L. 199-045, the wing
was slabbed in a straight line from the 40 percent chord to a trailing edge
thickness of 0.200 inches mode). scale. The tip of the wing was slabbed from
the 40 percent chord to a trailing edge thickness of 0.060 inches model scale.
The rest of the wing was slabbed from the 40 percent chord to a straight line
5
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between these two points on the trailing edge. In addition, the starboard
side of each vertical tail was held to contour while the port side was slabbed
from the maximum thickness to the trailing ec'°e.
The fifth model used during this test was a 0.006 scale version of a
previously tested Rockwell International Phase B design orbiter designated
as NR 110 D. It was cast using Stycast 2762 and was equipped with a bteel
nose cap to prevent excessive ablation and degradation of contour in the nose
region.
CO1VPIGUIWXION DESCRIPTION
The basic orbiter tested was essentially taken from the Rockwell inter-
national 2A Configuration pines. However, due to the nature of this testing,
variations to the basic lines were incorporated into these models. Any
required geometric data can be obtained from rigures, 1, 2 and 3 of this
report. Each configuration has been designated by its model drawing number
and is listed below with a brief description.
DESCRIPTION
SS-H-00326 -4 	Basic 2A Configuration with exceptions
as noted on Figures 1, 2, 3 and in
Description of Model section of this report.
Sc-H-•00326B-5, -6 2 -7	 Same as above with modification as
described in Description of Model section
of this report.
NR I10 D	 Previously tested model of a Rockwell
International Phase B design orbiter.
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DATA REDUCTION
The phase change paint method, as developed by Jones and Hunt (Refer-
';
	
	
once 1), makes use of temperature sensitive paint which changes phase from
an opaque solid to a clear liquid at known temperatures. Sudden exposure of
the model, thinly coated with this paint, to a hypersonic airsteam initiates
aerodynamic heating, and melting of the paint ensues as local surface temper-
atures reach the prescribed phase-change temperature. The propagation of
these isotherms was recorded on motion picture films. This information was
used in conjunction with the semi-infinite slab solution of the transient one-
dimensional heat conduction equation to compute local heat transfer coefficients,
which depend on the time required for phase-change to occur, the time conditions
and the thermal properties of the model wall material. A reference grid system
was applied to one of the test models '.rich was photographed at each test
attitude. These grid photos can be used as overlays to simplify data analysis.
Phase change paint data reduction was based on the solution of the
transient one-dimensional heat transfer equation;
where. T = temperature
t = time
o = thermal. diffusivity
X - distance of heat penetration measur =.d normal to model surface.
The solution to this equation was used to compute local film heat
transfer coefficients with the following assumptions which describe the
boundary conditions;
(a) The depth of heat penetration into the wall was small compered with
the wall thickness and surface radius of curvature so that the wall
acted like a semi-infinite slab.
T(-, tsec ) ` Tin	 (Eqn 2)
(b) The model was isothermal before injection into the airstream.
T(X,0) _ Tin	 (Eqn 3)
(c) The surface experienced an instantaneous step in aerodynamic heat
transfer coefficient and this coefficient was invari.ent with time.
^ T(O,tsee ) = h [TAN_T(O'tsec)]
C) X	 rw
(Eqn 4)
8
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(d) The thermal diffusivity of the wall,
	
k/pCp, was invarient with
temperature.
The solution of equation (1) as given in Reference (2) is:
T - 1 •• ea2 erfe 0	 (Eqn 5)
where T and a are parameters given as:
T - 'PC o IN	 (Eqn 6)
fAj°3 - TIN
h
d =	 sec
	
p CI,	 (Eqn 7)
and: CPC = Phase change paint temperature (or)
I^IN - :initial model temperature (Or)
TAW = Adiabatic wall temperature (OF)
h Film heat transfer coefficient (Btu/ft2-sec-or)
t = time (sec)
p = Density of model material (lb /ft3)
+	 Cp - Specific heat of model material (Btu/Ib-Or)
k - Thermal conductivity and model material (Btu/ft-sec-Or)
For each test run, the parameter Tf was caculated by using Equation
(b). For each °r, a 5 was determined from Equation (5). Since the thereto-
yhysical properties, k, p and CP of the model were known and the time required
for the phase change to occur wad read from the data film, the heat transfer
coefficient, h, was calculated for each isotherm by using Equation (7).
The aerodynamic heating rate, q (Btu/ft 2-sec), was then calculated as:
q - h(TAW°Ty)	 (Eqn 3)
Heat transfer coefficients, h, were reduced to non-dimensional form
as the ratio of h/hs, were hs is the theoretical heat transfer coefficient
at the stagnation point of a 1-foot radius sphere at model scale. This
coefficient was determined by first calculating the stagnation point heating
rate is , given by ray-Riddel as:
s^
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TT TO Tw + 1 .6
e^ 	 ^fW R^fb + 1
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!
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p	 i°	 0026871 o p	
0.5
TO W	
p
l^	 Kd0T	 (Eqn g)
r
TW + 19	 er,
where:	 NE _ Nose radius (ft)
TTb = Tunnel total temperature (OF)
TW = Wall temperature (OF)
P; Tunnel static density (lb/ft3)
PTO s Tunnel total pressure lb ft)
Pte, = Tunnel static pressure (lb/ft2)
BTO-BW = Enthalpy difference between wall and free stream (Btu)
By substituting qs into Equation (8), we calculated the stagnation point
heat transfer coefficient, hs.
The data were reduced for the recovery factors listed in Table 1.
These recover;; factors, BT, which are a measure of the fraction of the
free stream dynamic temperature rise recovered at the wall, are defined as:
	
BT _ TAW	 (Eqn 10)
'	 TTb
where: TAW = Adiabatic wall temperature (OF)
TTb = Tunnel total temperature (OF)
For various tunnel conditions and recovery factors, we solve for TAW which in
turn is substituted into Equations (6) and (8).
10
;i
i
Ir
i	 Ay'
^I
t'
TEST T'ACILITY DESCRIPTION
The Langley Mach 8 Variable-Density Hypersonic 'funnel is located ir.
Building IP471) and is under the direction of the Aero-Physics Division.
This tunnel is used for fundamental aerodynamic and fluid dynamic inves-
tigations over large Reynolds number ranges using pressure and heat trans-
fer measurements. "d'he test m^dium is air and is heated by a combination
of Dowtherm and electrical resistance. Model mounting consists of sting
mount with injection mechanism. The tunnel has an axially symmetric con-
toured nozzle. The test section diameter is 18 inches with a core of 4
to 14 inches depending on pressure. it exhausts into a vacuum tank or the
atmosphere.
Examples of operating conditions are as follows:
Stagnation pressure (PSIA) . . . . . 15 to 2930
II	
Stagnation temperature ( OR) . . . . . 1160 to 1510
Mach Number . . . . . . . . . . . . . 7.5 to 8.0
Reynolds number per foot (1/ft) . . . 0.1 x 106 to 12.0 x 106
Running time (SEC), for
Exhausting into vacuum tank g0
Exhausting into atmosphere 600
i
^I
i
ii
1^
PHASE CHANGE PAINT DATA
The test results are shown in rigures 11 through 41 in the form of
heating contours. The contours are correlated to heat transfer coefficient
ratios (h/hs), the ratio of local heat transfer coefficient on the model
surface to the heat transfer coefficient at the stagnation Point of a one-
foot radius sphere at model scale. A list of the tunnel conditions for each
run is presented as Table 3 in the order in which they wefe merle.
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TABLE 1: DATA REDUCTION RECOVERY rACTORS
ANGLE Or ATTACK a DLG
RECOVERY rACTOR	 TAW rTO
WINDWARD VIEW PROME VIEW
30 .910 ,900
35 .920
40 .932
13
i^
lam3"i
r,
	
R'
TABLE 2: MODEL 14ATERIAL PRU y _ TIBS, 'J k p 0p
Pt
'h
I
TPC	 ®^^ v k p CP	(BTU/n2-8.v 0 ° 5 - °1)
125 .0460
150 .0466
200 o478
250 .0439
300 .0496
350 .0500
400 .0503
9
14
"
li"
 
~ \_~
_~O
., 
-
r-
"-
TA
BL
E 
3.
 
PH
AS
E 
CH
AN
GE
 C
OA
TI
NG
 T
ES
T 
DA
TA
 S
UM
M
AR
Y 
SH
EE
T 
TE
ST
 T
IT
LE
: 
TE
ST
 N
UM
BE
R:
 
TE
ST
 F
A
C
IL
IT
Y
: 
lW
lA
!L
RC
-l.
fA
CH
 8
 V
DT
 
TE
ST
 D
AT
E:
 
M
ay
 8
 -
10
, 
19
73
 
TE
ST
 E
NG
IN
EE
R:
 
A.
 D
'E
rr
ic
o 
iR
un
 
M
od
el
 
F
re
e 
T
ot
al
, 
T
ot
al
 
T
aw
' 
R
N
X
I0
6 
Ph
as
e 
.
 
M
od
el
 P
os
iti
ol
l' 
C
am
er
a *
*,
 
N
o.
 
M
od
el
 C
on
fi
gu
ra
tio
ll 
Id
el
lti
fi
ca
tio
n 
Sc
al
e 
St
re
am
 
P
re
ss
ur
e 
T
em
p.
 . 
T
to
ta
l 
Ft
 
Ch
al
lg
e 
(d
pg
re
es
) 
L
o
ca
ti
o
n
, 
t;;
 
M
ac
h 
N
um
be
r 
4D
60
 
SS
-H
-0
03
26
:s-
6 
,
 .
00
6 
7.
9 
40
61
 
-
7 
4D
62
 
-
6 
4D
63
 
-
7 
40
64
 
-
6 
40
65
 
-
7 
40
66
 
-
6 
40
67
 
-
7 
40
68
 
SS
-H
-0
03
26
 -
4 
40
69
 
SS
-H
-G
03
26
:s-
6 
40
70
 
-
7 
40
n 
-
6 
40
72
 
-
7 
*
*
 X
 a
x
is
 p
ar
al
le
l t
o
 s
tr
ea
m
 (+
do
wn
str
ea
m.
 -
u
ps
tr
ea
m
) 
Y
 a
x
is
 (+
 ri
gh
t, 
-
le
ft
. 
a
s
 v
ie
w
ed
 f
ro
m
 t
he
 r
e
a
r)
 
Z 
a
x
is
 (+
uP
. 
-
do
w
n)
 
(p
sia
) 
64
D 
64
5 
64
0 
64
0 
18
0 
17
5 
13
95
 
13
95
 
64
0 
64
0 
65
0 
62
5 
64
0 
(oR
) 
T
em
p.
 
fF
) 
0
(.
 
P
' 
14
> 
13
65
 
*
*
*
 
2.
96
 
30
0 
30
 
13
35
 
3.
10
 
35
0 
13
4D
 
3.
07
 
15
0 
13
4D
 
3.
07
 
25
0 
12
35
 
1.
04
 
15
0 
0.
96
 
,
 
12
75
 
12
5 
14
00
 
6.
02
 
40
0 
14
30
 
5.
81
 
25
0 
"
'
-
'
-
13
25
 
3
.l
l 
Fl
aw
 
l3
20
 
3.
13
 
~~
 
13
75
 
,
 
2.
97
 
40
0 
40
 
13
25
 
3.
04
 
30
0 
13
35
 
3.
08
 
20
0 
*
 T
aw
 =
 
a
di
ab
at
ic
 w
a
ll
 te
m
pe
ra
tu
re
 
*
*
*
 
Se
e 
T
ab
le
 1
. 
0 
18
0 
,
 
(in
) 
X 
Y 
z 
,
 I i 
ft	 .-
lu
CQS
F7
r 1 ®P
cu 0
Q
8
N ^ M
ElU
+modd N e0 Oi ¢7
Q i0 Is') M i0 ^ ^®
ai
a
LP
cu^o
W :3 ro
U)
LrN
-]
•l
p
. H
f^
W
CU
^^
U
!!r
rO
G
r^
q
°y0^+, ^O N
^
Nt 1 1
uN
Q
p0
rrii
.b
Od
c
to
O	 '
F1iG .-tP'i
Y
G^
F
H
H 4l
..	 aV
a ^'
F
H
4^1
'tl
v ^^
A
^ ^ I
CO
^. p
Q v
SC b+ N
a
r
a
16
j}
[
F
y	 f$0
l=-Y
	 4uY
U'
z
&4
M
F+ ^
9
^ 111+++111
a ^ ^
1
V CC)
h7
E-1
E + E^ E-1
U3 m
I
.4.
s.
o
17
18
Oj
0
0^
c
f14
-I'v
M
Ca
c,
W0
0r
a
^ k
wk
19
d^
8
x
2
A
0
a
8
c:a
ti
tAL0
0Aa
20
v^
g
tc
CL
w
0
0
a
21
22
A
O
k:
F+
O
O
w
g
x
co
^o
^o
g
A
Ci
a
x
r^
ti
0isa
23
otlll- oan -,v
oatlaq •°A^ ^ J
— ^	 O
^^ N
N	 Y
o
ke y w_
O Y:
^^
n
Yn
Y
Y j
a^
Q
7
U
4
U=
3 W
h m	 ``x
Z^
^y°^
W
Ulf O
1
co
(D t—
O
O
wCl_
z U
0
ax
ace 
m	 ^
I	 ^
/
LLrvun+• oy
ZM{ ^^
s
0 oh®
OOZ•
oC	 i
m
W
8
1
s5
I
O
N
W
eQ
0
Wo
LU
Z
4V
OO
7
i
z
_®
r	 <?9
	
	 ^
D
LL-.
U
^LtJ
V )
O
z
Q
z
Q
^	
5
LL
n
w
N^
L.L.
II O
LEI
Of
LL
PAGE 25
v - n%^^
e IH
5^
p rl 1
`rve)
u
7,877
N
i
i	 ALL DIMENSI ONS ARE .00593 SCALE,
PAGE 26
1
FIGURE 3 ORBITER MO®EL. GRID SYSTEM
(PLAN VIEW)
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